Introduction
« Until recently, telecommunications services were provided by three publicly " owned monopolies: the Overseas Telecommunications Commission (OTC) jj supplied international services; Telecom provided domestic services; and 1 Aussat operated the domestic satellite system. This mandated supply of services was essentially justified by natural monopoly arguments. The | corresponding telecommunications sector regulation was extensive and I contained the obligation to provide a basic telephone service to some t customers that was not economically viable. In the late 1980s the Australian government began to reform the telecommunications sector. The reform 1 recognized that competition was necessary in the sector, and could be o supported by the erosion of natural monoply through rapid technological •5 advance. While it was acknowledged that a competitive market would generate greater economic benefits for the community than that obtained from the regulated monopoly, decisions concerning the liberalization of telecommunications markets were evaluated partly in terms of their possible impact on social objectives, in particular universal service. Historically, the universal provision of a 'standard telephone service' has been interpreted as meaning that all Australians should have widespread and reasonable access to an affordable voice-grade telephone service. The.establishment of universal service as an explicit goal of telecommunications policy achieves two outcomes. First, it brings telecommunications access to users who otherwise could not afford the service. Second, because universal service increases the size of the telecommunications network, the value of the network to existing subscribers is increased through the enhanced network externality (Rohlfs, 1974; Cronin and Hebert, 1994) .
The Telecommunications Act 1991 was enacted on 1 July 1991 (and subsequently amended on several occasions) and provides the framework for the provision of telecommunications facilities and services in Australia [Bureau of Transport and Communications Economics (BTCE), 1995a] . A primary outcome of the Act is the introduction of competition into the marketplace. Telecom and OTC merged into a single general carrier, Telstra, while Optus Communications purchased Aussat to create a second general carrier. The Commonwealth government assured Optus that no new general carrier licences will be granted prior to July 1997. 1 The Optus licence requires it to supply fixed domestic long-distance and international telephony services to the entire Australian population by December 1997 (BTCE, 1995b . Post-1997 arrangements require that general carriers interconnect any other carrier or, service provider on request, so long as sufficient capacity is available and the specified interconnection is technically feasible. A secondary outcome of the Act is the reinforcement of Australia's long-standing commitment to universal service and the intention that this obligation be fulfilled as efficiently as possible in the competitive market (BTCE, 1995b) . 2 The provisions of the Telecommunications Act 1991 and the post-1997 arrangements have induced both Optus and Telstra to undertake separate and ' Mobile licences were awarded to Optus and Telstra, and to a third private company, Vodafone.
' Although lower prices are one of the most significant benefits anticipated from competition in the telecommunications sector, there will be some people who, due to an income constraint, will not be able to access a basic telephone service (Panzar and Wildman, 1995) . However, the changing competitive environment makes it increasingly feasible to try new approaches to delivering universal service. For example, the BTCE (1995b) suggested that competition and new technologies should allow greater scope to more competitive arrangements (e.g. contract by tender) that could reduce costs and improve the service. Panzar and Wildman (1995) examined the potential of telecommunications vouchers as a means of supporting universal service in the USA. significant broadband network rollout programs. The networks will enable competition in the delivery of a range of telecommunications services, including local and long-distance calls, pay TV and interactive services. Despite massive investment in the provision of broadband television content and infrastructure, there will, however, be segments of the Australian population unable to access broadband services for some time to come (BSEG, 1994) . Evidence from the USA already indicates that the information age of computers and telecommunications has excluded the sparsely populated rural areas of the USA in which it is not profitable to provide telecommunications services (Pressler and Schieffer, 1988) . Similarly, Doctor (1991) has observed that information technology vendors in the USA have demonstrated a pronounced bias towards affluent urban clients. In Australia, the high cost of network infrastructure and the uncertainty of revenue streams suggest that the rollout of cable will occur first in more densely populated areas. This strategy could deny regional and remote Australians immediate access to the 'information superhighway', thus creating information inequality on the basis of geographical location. In the short-to-medium term, inner city and urban areas will be well served, with coverage by satellites, microwave technology and at least one of the fibre optic cable networks. The high fixed costs of installing cable infrastructure in regional and remote areas and the potentially small market size, due to sparse population, means that it may not be economically viable for carriers to deploy networks in these areas. Further, the economics of microwave technology suggest that microwave services are unlikely to be provided to towns populated with <5000 persons. Thus, few regional and remote areas are likely to receive these services. While the Optus satellite will provide a strong signal to some regions of Australia, most regional and remote areas are unlikely to receive any of the new communications services for many years, if at all (BTCE, 1995b) . Consequently, some concerns have been expressed as to whether the 'standard telephone service' definition of universal service is still relevant, with some groups suggesting an upgrade of the current universal service obligation is necessary [Broadband Services Expert Group (BSEG), 1994; DoCA, 1994a,b] . For example, during 1992-1993 there was increasing pressure, particularly from consumers residing in regional and remote areas, for the definition of universal service to be extended beyond voice-telephony to cover a multitude of new data-transmitted communication services (AUSTEL, 1994) . These include the Internet and interactive broadband services.
3
' BTCE (1995b) research suggests that the cost to government of subsidizing access to the broadband network for regional and remote Australians could be as much as one billion dollars per year.
A separate set of concerns considers whether particular groups within passed communities are unable or unwilling to subscribe to networked services. 4 While telecommunications carriers and policy makers can develop the physical and regulatory infrastructure needed to permit the carriage of networked services, it is imperative that there is a corresponding development of human capital to enable the efficient use of the network. That is, for individuals to be willing and effective users of information technologies they require training. When a particular group of the population does not possess the training and skill to use computer and other communication technologies effectively, then the power of those technologies may be denied to them. For example, people outside of the labour market may miss out on ongoing information technology training, which will affect their ability to use networked information. In the information society, access to, and use of, broadband services will become essential to an individual's ability to acquire, develop and sustain marketable job skills, and, indeed, to be an informed, productive participant in society (BTCE, 1995a) . Because broadband services enhance the ability to generate income streams directly, and indirectly through education, they have the potential to further skew the income distribution toward the information rich. Of particular concern to policy makers then is the potential for the new communication technology to create 'information rich-information poor' social classes, even in communities that have access to the network.
Information inequalities are most often created, reinforced or enhanced when those who are already information-advantaged adopt technology and use it to further their advantage (Scherer, 1989) . The possibility that existing information-disadvantaged groups may be further marginalized by the uneven take-up of broadband services is explained by Doctor (1991) :
As society shifts more toward a market orientation regarding new computer and telecommunications technologies, there is a danger that existing patterns of inequality will be reinforced. Some people will have access to information (and its associated power) more readily and quickly than others. The risk then...is that we will create a new basis of inequality as the'gap widens between the information rich and the information poor.
Further, as an extension of the television and the video cassette recorder, broadband services provide increased flexibility for the user in terms of * While this study concentrates on subscription intentions, Madden and Simpson (1996) developed and estimated a model of network subscription demand for the interested subpopularion.
schedule and content choices. This increased flexibility may exacerbate existing information inequities in at least two ways. First, the information poor may use the network to substitute entertainment for more serious content. Second, the information rich may use it as an additional means of obtaining more value-adding information (Scherer, 1989) .
Given the important role of universal service in Australian telecommunications policy and the recognition that broadband networked services can provide many benefits to society, recent public debate in Australia has focused on the socioeconomic impacts of broadband services. 5 Reports by the BSEG (1994), the BTCE (1995b) and the National Information Services Council (NISC) indicate that the needs of information disadvantaged groups such as women, remote communities, the elderly, the unemployed and people less well educated are the most pressing from a policy perspective. Further, NISC (1995) suggested that barriers to the delivery of networked services include lack of choice of delivery platforms, lack of untimed access to essential services, data transmission limitations and affordability factors. The existing debate on universal service obligation and broadband network access is characterized by a paucity of hard data about Australians' familiarity with information technologies, and how this is distributed on key demographic lines (BTCE, 1995b) . Therefore, a fundamental and essential input into the policy process is the need to associate access disadvantaged groups with commonly accepted measures of social disadvantage. The focus of this paper is to empirically determine whether several measures of social disadvantage significantly deter broadband network subscription. Once significant factors are identified, a deeper understanding of the nature of access disadvantage can be sought, and so enable the development of appropriate policy responses.
The paper is organized as follows. Section 2 defines several measures of social disadvantage which may prevent particular classes of individuals from assessing broadband delivered services. Section 3 provides a brief overview of the experiment and survey procedures used, to collect data and to analyse information inequality through broadband network subscription choice. An econometric model is estimated in Section 4 using these survey data. Estimation results are discussed therein. Section 5 presents some concluding remarks.
' The debate is not limited to Australia. South African President Nelson Mandela recently told the 7th
Telecom Convention that the information superhighway must not be allowed to divide the world into the information rich and information poor. He called for six principles to allow full participation of developing and developed countries in building a global information society. They include global universal service and global universal access to the information superhighway (Egolf, 1995) .
Measures of Social Disadvantage
Many factors prevent people from accessing and using new communication and information technologies. In Australia, the quality and extent of coverage of new services such as pay TV and interactive services vary markedly by delivery platform and geographical region. Densely populated areas may also be denied access to, and use of, new communication and information technologies. In the USA, advanced electronic communication systems are bypassing some poorer inner city, urban and minority neighborhoods because they are designated 'bad for business' (Rose, 1994) . Even when network coverage provides access, there may be some resistance to the adoption of the new communication technology and services. The ability to access these services depends not only on network coverage, but also on individual skill and social organization. When the social organization of the user (or user group) does not facilitate effective and timely use, much of the power of the technology may be dissipated (Doctor, 1991) . For example, in the USA, Dillman and Beck (1988) showed that rural residents are less likely than urban dwellers to have computer-based and digital telephone technology in their homes. They argued that such differences probably reflect a more developed physical infrastructure in urban areas, but also suggested that there may exist a rural mindset that resists the new 'information culture'.
Accordingly, resistance to new communication and information services generated by the broadband network can be linked to a number of measures of social disadvantage. These include characteristics such as age, education, employment status, racial background and gender. In Australia, -25% of the population are aged >50 years, and -10% are aged >65 years. Further, the proportions of both of these subpopulatidns are increasing. Age is likely to be an indicator of generational differences in attitudes toward new technologies. Younger people tend to view the future more positively, and usually have early experience with video games and computers at school. The elderly, however, may regard new technologies with suspicion. They often find that their inexperience with new technologies and the high demands on technical competence act as a barrier to service adoption. Nevertheless, Bullingen (1996) suggests that studies on social geneontology show that elderly people are able to learn complex technical functions if they are promoted and supported by appropriate training.
Definitions of the information disadvantaged usually include education and income. Lack of higher education may reduce an individual's familiarity with information technology and the awareness of benefits from greater access to information. Several empirical studies show that exposure to, and familiarity with, new information technology improves people's attitudes towards such 1054 technology, and they are more likely to use them, regardless of other attitudes. For example, Rogers' (1986) concept of "technology clusters' suggests that the adoption of one device triggers the adoption of other related innovations, and that familiarity with one technology increases one's understanding of and receptivity toward others. Reese (1988) argued that knowing how technologies such as automatic bank teller machines operate is related to holding more positive attitudes toward other new media. A commissioned report by Martinez and Mead (1988) for the US Educational Testing Service also found that student familiarity and competence with communication and information technologies correlates with the level of parental education. The higher the parents' education the more likely the children were to be currently studying computers in school and to have a computer at home. Level of education is also expected to be positively correlated with income. Low income groups are less likely to purchase broadband services because the price of the service represents a larger proportion of their total budget. The accepted definition of low income households in Australia are those whose income is significantly below the average given the particular needs of their families. The Australian Council of Social Services estimates that approximately one-third of Australian house-holds can be characterized as low income. By virtue of their occupation, many workers will have greater opportunity to take advantage of information society trends and to advance their employment status. Many white collar workers are 'information workers' and are more likely to use computers and other information technologies at their jobs than blue collar workers. In contrast, blue collar workers, the unemployed and the disabled may be disadvantaged because they have limited access to computers and information technologies, commonly available in work situations. White collar workers are more likely to have higher regard for science and technology, and in addition to adopting technologies that are functional to their, work, they are more likely to use related technologies outs'ide of the workplace.
6 Several studies of new communication technology adoption support this notion. In their study of US residents, LaRose and Mettler (1989) found 'that the proportion of one's labours spent on information tasks was a powerful predictor of use of information technologies and services in the home'. Using a sample of Texas residents, Reese (1988) showed that occupation clearly affects the adoption and use of and attitude toward communication technologies. In * Note that it is possible that workers who feel positively about information technology 'self select' into jobs involving those technologies. particular, white collar managers were distinguished by their greater tendency to use computers at work and to acquire satellite TX VCRs and computers for home use.
The adoption of new communication and information technology can also be affected by ethnic background and gender. In Australia, individuals with non-English speaking backgrounds comprise <20% of the population. Interest in the broadband network may be low for these individuals because language and cultural barriers tend to isolate them from mainstream society. However, the network may also provide a means of breaking down social and cultural barriers, as well as providing an opportunity to access international education services and TY thereby generating interest in the broadband network. NISC (1995) suggests that women face a number of barriers to access of new services. These include affordability, lack of familiarity with new technologies and labour market status.
• Experimental Design and Survey Method
The methodology used to analyse information inequality and broadband network access is based on stated-preference survey data. Stated-preference data are generated from respondents' expressed preferences, or statements about how they would behave, in a set of hypothetical situations provided by a survey. These data are particularly useful when examining the demand for new products, such as broadband services, which contain attributes not included in existing products.
The stated-preference methodology used in this study generates survey questions designed to reflect the household's market decision by presenting hypothetical but realistic choice contexts. The experiment defines discrete broadband subscription alternatives as collections of service attributes. Respondents face a dichotomous decision as to whether the household is interested in considering network subscription after these broadband services are identified. The categories provided are entertainment, information and education, transactions and communications. A household is classified as interested in network subscription when the respondent agrees to participate in a choice experiment for at least one of the identified services. 7 The survey design is illustrated by Figure 1 . At the end of the interview the respondent is asked to provide important sociodemographic data such as household income, age, gender, household composition, racial background and employment status. These data allow the identification of subscription patterns for various subgroups of the population and allow the generation of household explanatory variables which are used in the empirical analysis in Section 4.
A survey of 715 households was conducted on the weekends and evenings of weekdays during the period April 1-9, 1995. The survey was distributed to ~100 households in each state's capital city and the nation's capital. Almost 80% of interviews were undertaken on weekends between the hours choice (for a discussion see Madden, 1995) . When respondents are not interested in the service, no trade-off is made and so no information is conveyed. Respondents not interested in services are therefore identified and excluded from the experiment after their sociodemographic characteristics are recorded.
of 10 a.m. and 6 p.m. The remainder were conducted on weekday evenings between the hours of 4 p.m. and 8 p.m. The interviews were conducted face-to-face. Capital cities were chosen as carrier announcements suggest broadband services are more likely to be available initially in these more densely populated areas. The survey used cluster probability sampling techniques; that is, given a randomly drawn start point within the sampling area, every household in the sampling frame was given an equal chance of being chosen as a start point. Around each start point, a cluster of five households was interviewed. For a total sample size of 715 interviews, the survey required 143 randomly generated start points (~20 for each city). Cluster sampling was widely used and had the advantage of substantially reducing the cost per interview. A summary of details concerning the survey administration in each of the capital cities is provided in the Appendix.
Empirical Analysis
The empirical analysis focuses on stated subscription interest in a broadband network. A logit model is specified relating the probability of interest in broadband service subscription to a range of household explanatory variables. where P f -is the probability that household i is interested in network subscription, x,-is the observed sociodemographic characteristics of household /', p represents the parameters on household characteristics and F(.) is the logistic cumulative distribution function.
In the model above the parameters P relate changes in the explanatory variables x to changes in the probability of interest in service subscription. While the parameter signs indicate the nature of the relationship, the parameter value is not directly interpretable as the effect of a change in an explanatory variable on the expected value of the dependent variable. The results reported here are transformed so that they can be interpreted in this manner. Table 1 .
Results of the estimated logit regression are shown in Table 2 . The signs and magnitudes for most of the parameter estimates conform to a priori expectations. Of the social disadvantage variables, ASIA, EUROPE, FEMHEAD, HH55T064, HHMORE65, LOWEDUC and OCCSTATUS are significantly different from zero at the 5% level, while NAPENS is significantly different from zero at the 10% level. Broadband service subscription interest is inversely related to age, and the probability of no subscription interest is greater for respondents aged 65 years or over than for respondents aged 55-64 years. There is a negative relationship between subscription interest and households where the respondent is either female, a non-aged pensioner (a proxy for people with disabilities) or has a relatively low level of education. The coefficients on the racial background and occupational status variables are positive, suggesting that households in which the head is from Asia or Southern Europe, or where at least one occupant is employed in a professional (white-collar) occupation, are more likely to be interested in subscription. Of the remaining variables included in the model, KIDS is characteristics arc linked through a binomial probability rather than a discrete choice model. Previous studies of access to telecommunications networks (e.g. Perl, 1983 positive and significantly different from zero at the 5% level. That is, subscription interest increases as the number of children in the household under 15 years increases. The X 2 statistic is applied to test the joint hypothesis that the set of 10 social disadvantage variables have no impact on the probability that the households will be more or less interested in network subscription. The reported statistic (X 2 «ic = 45.8) clearly rejects the null hypothesis at the 1% level. Finally, parameters are estimated for both a large city subsample (Sydney and Melbourne) and a small city subsample (the remaining state capitals and Canberra). A likelihood ratio test indicates that the coefficients are not significantly different at the 1% level. This result is not surprising. A test that would be more interesting from a policy perspective involves the comparison of the estimated coefficients from this study with those derived from a survey of rural and remote areas.
Finally, the predictive ability of the model is examined below by comparing the actual and predicted levels of subscription interest segments of the population. Table 3 shows that these deviations are usually small in absolute value terms.
Conclusions
It is well recognized that an information rich-information poor divide exists. The recent substantial investment in broadband network infrastructure has the potential to produce many economic and social benefits for the community. However, network growth must not be allowed to further marginalize existing information disadvantaged groups. While there has been substantial debate on societal information needs and inequality, the discussion has suffered from the lack of empirical analysis. This study attempts to provide a quantitative footing as a basis for public policy formulation by identifying several measures of social disadvantage and linking them statistically to disinterest in new communications and information technology.
Study results establish that household characteristics, especially measures of social disadvantage, are strong predictors of likely subscription to powerful new information networks. In particular, the results suggest that females, the disabled and elderly, and the less well educated are less willing to subscribe, even though they reside in covered areas. In fact the study supports the conclusion that information disadvantaged groups 'self select' into further disadvantage. In these circumstances public policy to address disadvantage by direct subsidization or implicit cross-subsidization will be unsuccessful 1062 without ancillary measures, such as targeted education programs. Mandating some form of universal access to advanced communications and information technologies will also fail. Another implication of the results is that targeted information programs and special technology training are necessary to enhance the use of physically available technology. This means that the concept of universal service should not only apply to the availability of technology but its use. While the study establishes a statistical link between social disadvantage and information inequality, many questions remain unanswered. First, the analysis of why certain groups are less likely to subscribe is imperative in the design and implementation of policy. Only with this understanding can policy hope to reduce the information gap. Second, the development of an international standard on basic communications covered by universal service obligations is required to allow full participation by all members of the 1063 information society. An initial step in this research program is a national information audit by population strata.
Field Summary
Not able to contact A person who said they were busy may be prepared to do the interview on another day, but not on the particular interviewing day.
'Unsuitable refers to households where the respondent is not able to respond to questions in a suitable manner. This includes respondents who are intellectually disabled and those who are under the influence of alcohol. Terminated interviews refer to occasions where the respondent wishes to terminate the interview before it is completed. N.E.S. refers to Non English Speaking.
